with primary biliary cirrhosis (PBC) and of anti-SPLEEN nuclear factor and high titre smooth muscle antibody with the lupoid form ofchronic active hepatitis M.Vi (CAH), are specific and reflect a feature of the immune system, which presumably relates to the f pathogenesis of these particular diseases. On the A INTESTINE other handchanges, such as hyperglobulinmmia and depressed cell mediated immunity, are common to most forms of chronic liver disease and probably result from liver damage. In order to investigate the mechanism of some of these changes we induced cirrhosis in rats with carbon tetrachloride and phenobarbitone (McLean et al. 1969 ) and studied A their immune system. Bj0rneboe et al. (1972) and Triger et al. (1972) 1964 , Warshaw et al. 1971 . The liver may therefore receive gut-derived antigen either directly via the portal circulation, when it acts as a filter interposed in series with the rest of the body, or it may receive antigen from the systemic circulation via its arterial blood supply and in this situation it operates as a filter in parallel (Fig 1) . Under both circumstances, in cirrhosis, the phagocytic capacity of the liver is reduced and increased quantities of antigen are taken up by the spleen (Thomas, Singer et al. 1976) . One would therefore expect the cirrhotic animal to produce a larger antibody response to a standardized antigenic challenge, assuming that the lymphoid cells are normal and are not already maximally responding. When antigen was injected into the portal circulation directly or into a systemic vein, there was a larger immune response in cirrhotic than in normal rats, although this difference reached statistical. significance only after secondary immunization (Thomas, Singer et al. 1976 ). Therefore, altered distribution of antigen between the liver and immunologically competent sites of the body contributes to the hyperglobulinaemia of the cirrhotic rat. What is the evidence for a similar situation existing in man? Although antigen distribution experiments have not been done in human subjects, some information is available. This is derived from colloid scans of the liver and spleen. In the normal subject the radio-colloid is taken up avidly by the mononuclear phagocytes of the liver and only a small amount is taken up by other organs. However, in patients with chronic liver disease, the hepatic uptake is markedly reduced and that taken up by the spleen and bone marrow is increased (Fig 2) . In the patient whose scan is shown, the serum IgM increased to 2000 mg % while the IgG was only slightly elevated. The marked increase in IgM is probably a reflection of the fact that many of the gram-negative bacterial antigens are thymus-independent and these antigens provoke a predominantly IgM antibody response (Simjee et al. 1975 ). In addition, endotoxin, which is normally destroyed in the liver (Braude et al. 1955) , is present in increased concentrations in patients with liver disease (Nolan & Ali 1974) and results in an exaggerated IgM response to thymus-dependent antigens. The adjuvant properties of this substance may therefore be responsible for the disproportionate rise in IgM. Endotoxin is also capable of provoking an anamnestic response by stimulating primed B cell to release IgM antibody (Andersson et al. 1973 ). This phenomenon may in part explain the small increase in viral antibody titres that occurs in any form of hepatic injury. It does not however explain the very marked and selective increase in titre to measles which occurs only in lupoid chronic active hepatitis (Table 1) .
From this sort of information we can derive circumstantial evidence in favour of impaired reticuloendothelial function in patients with liver disease. However, when challenged intravenously with the bacteriophage 0X 174 the subjects, rather than giving an increased response, give a reduced primary response and an even more markedly reduced secondary response. This is true in the majority of patients with alcoholic liver disease, primary biliary cirrhosis or chronic active hepatitis (Fig 3) . At first sight this observation is in conflict with the increased responses seen in the animal model. However, the response to 0X 174 is thymusdependent and therefore the reduced response in these subjects with cirrhosis may result from diminished T-cell cooperation, a change which would mask the effect of increased antigenic stimulation of the spleen. This is supported by the observation that the response of patients with chronic hepatitis to flagellin, a thymus-independent antigen, is moderately increased (Lee et al. 1971 ). The antigen used in the animal model is also thymus-independent and would not therefore be effected by changes in T-cell cooperation.
Such a failure in cooperation would also result in a change in the relative production of IgM and IgG antibody, the latter being more dependent on Tcell function (Taylor & Wortis 1968 ). In normal subjects during a secondary response more than 900% of the antibody is IgG, whereas in patients with primary biliary cirrhosis (Thomas, Holden et al. 1976 ), chronic active hepatitis or alcoholinduced cirrhosis (Thomas, Parrett, Holden & Jones, in preparation) the percentage of IgM antibody is much increased (Fig 4) . This is compatible with a defect in helper T-cell function but might also result from the increased concentration of endotoxin which occurs as a result of defective hepatic phagocytosis, since this material, in common with many other polysaccharides, will prevent conversion from IgM to IgG antibody production (Nielsen & White 1974 , White & Nielsen 1975 .
Using in vitro measurements of cell-mediated immunity in patients with chronic liver disease, one can demonstrate diminished T-cell function, but whether these tests reflect in vivo T-cell activities including 'helper' functions, is for the most part unknown. The concentration of peripheral blood T cells measured by rosetting techniques is E3 IgG anti OX 174. Similar responses were obtained in other types of liver disease diminished in most types of chronic liver disease and there are increased numbers of null cells (DeHoratius et al. 1974 , Thomas, Freni et al. 1976 . Recent studies by Chisari & Edgington (1975) suggest that many null cells are in fact Tlymphocytes coated with an inhibitory substance. Certainly in studies utilizing the mitogen phytohmmagglutinin (PHA), serum factors which inhibit the response of T cells can be demonstrated in PBC, CAH and alcohol-induced liver disease (MacSween & Thomas 1973 , Willems et al. 1969 , Hsu & Leevy 1971 . In the animal model of cirrhosis, the responsiveness of peripheral blood lymphocytes and of lymph node and spleen cells to low concentrations of PHA is reduced, and when normal lymphocytes are incubated in cirrhotic rat serum they too exhibit diminished responses (Thomas, Singer et al. 1976 ). Serum inhibitors of T-cell function therefore exist in this animal model just as they do in patients with chronic liver disease. Other factors are also involved in the anergic state of these patients. We know from the work of Folch & Waksman (1973) that suppressor cells, capable of modulating the activity of effector T cells, exist in the spleen and their activity is increased by antigenic stimulation (Bash & Waksman 1975) . The activity of these cells is increased in cirrhotic rats (Thomas, Singer et al. 1976) . Folch & Waksman have suggested that the inhibitory effect in normal rats is dependent on the secretion of a humoral factor and that this factor may be active some distance from the secreting cell. Whether this factor is present in increased concentration in cirrhotic rats and is responsible for the inhibitory effect of this serum on the response of peripheral blood lymphocytes, remains to be determined. It seems possible that in cirrhosis, reduced hepatic phagocytosis results in increased antigenic stimulation to the spleen and increased immune responses to thymus independent antigens. Failure to destroy intestinally-derived endotoxin will result in the accumulation of this material, which has adjuvant properties particularly enhancing IgM responses. In addition, the increased antigenic drive to the spleen may be responsible for increased suppressor cell activity and this may be at least one factor contributing to the diminished response to PHA that has been demonstrated in both animal and human studies. It remains to be seen whether the changes in the PHA-responding population reflect changes in helper T-cell function, but if this is true, this change may be responsible for the diminished response to thymus-dependent antigens that is seen in subjects with chronic liver disease.
Apart from these changes in humoral and cell mediated immunity that result from the reduced function of the mononuclear phagocytes of the liver, other changes may also occur. These changes are dependent on the fact that the liver synthesizes many serum proteins. This includes some macroglobulins with immunoregulatory function and also the majority of complement components. Serum concentrations of some of the macroglobulins have been measured in various types of liver injury. Alpha, -fetoprotein is produced by the entodermal cells of the liver and has immunoregulatory properties (Murgita & Tomasi 1975 (Eletheriou et al. 1977) , and the protein may in these circumstances alter immune reactivity. Alpha2-macroglobulin is also produced by the liver (Hochwald et al. 1961 ) and has immunosuppressant properties (Cooperband et al. 1972 ). In the field of complement metabolism some kinetic studies are available, they indicate that although increased immune catabolism may -occur in some disease groups (Potter et al. 1976) the major cause of diminished serum concentrations of C3 is diminished synthesis, presumably as a result of reduced hepatic cell mass (Thomas, Elias, Potter & Sherlock, in preparation) . It is probable that the synthesis of other complement components which are normally produced in the liver, will also be reduced.
Conclusion
The hypergammaglobulintmia and diminished cell-mediated immunity that are associated with chronic liver disease of diverse mtiologies, are in large part attributable to the changed state of the mononuclear phagocytic system that exists in these subjects. Although the emphasis has been placed on delineating the changes which are secondary to liver damage, this approach also serves to highlight certain phenomena which are peculiar to one disease state and therefore probably more closely related to the basic pathogenesis of that disease. In this respect, the selectively increased response of lupoid hepatitis patients to the measles virus becomes apparent, and may indicate either the presence of immune response genes or an immune defect which modifies the subjects' response not only to measles virus but also possibly to hepatitic agents. Furthermore, although the phenomenon of hyperglobulinwmia is common to most patients with chronic liver disease and is unrelated to atiology, the increased IgM in primary biliary cirrhosis and IgA in alcohol-induced disease are specific associations and may give further clues to the primary pathogenetic mechanisms in these diseases. The more generalized defects which are common to all patients may also be important in relation to the susceptibility of cirrhosis patients to infections.
